Using a newly developed spatial heterodyne spectrometer (SHS), we have obtained the first radial velocity resolved emission-line profiles of diffuse [O ii] 3726 and 3729 emission lines from the warm ( K) ionized 4 A 1 0 component of our Galaxy's interstellar medium. These [O ii] lines are a principal coolant for this widespread, photoionized gas and are a potential tracer of variations in the gas temperature resulting from unidentified heating processes that appear to be acting within the Galaxy's disk and halo. By spectrally isolating for the first time Galactic [O ii] from atmospheric [O ii] emission, we were able to detect interstellar [O ii] out to 20Њ from the Galactic equator with intensities that range from tens of rayleighs near the Galactic plane to less than 1 rayleigh at high Galactic latitudes. The [O ii] line profiles clearly show structure indicating emission along the lines of sight from both local and more distant interstellar gas. Comparisons of the [O ii] intensities with the intensities of [N ii] 6584 and Ha 6563 observed with WHAM indicate that the observed variations in [N ii]/Ha andÅ A [O ii]/Ha in the diffuse interstellar gas are consistent with variations in temperature and confirm the value of the [O ii] observations as a temperature diagnostic for the WIM.
INTRODUCTION
One of the new results from optical studies of the warm ( K), low-density ( cm ), ionized component of the 4 Ϫ1 Ϫ3 10 10 interstellar medium (i.e., the warm ionized medium [WIM] ) is the evidence for variations in the electron temperature within the gas provided by observed spatial variations in the intensity ratios of various nebular forbidden lines (see, e.g., Haffner et al. 1999; Tüllmann et al. 2000; Collins & Rand 2001; Otte et al. 2001; Madsen et al. 2006 ). These variations could indicate the existence of an additional heating source that is comparable to or greater than the photoionization heating of the gas (see, e.g., Reynolds et al. 1999 ). Because of the potential consequences for understanding heating and ionization processes within the Galactic halo, it is important to verify that the suggested temperature variations are real and not the result of peculiar ionization effects within the WIM.
There is an emission-line doublet of singly ionized oxygen in the near-ultraviolet spectral region (3727 ) that is outside A the wavelength range accessible to the Wisconsin Ha Mapper (WHAM) but is important for verifying variations in temperature and ionization state within the diffuse ionized gas and for exploring the existence of this additional heating. Our newly developed spatial heterodyne spectrometer (SHS) is capable of detecting [O ii] emission from the WIM in the Milky Way, and we report here its first use for measuring interstellar [O ii] emission.
TESTING FOR ELECTRON TEMPERATURE VARIATIONS
The temperature and ionization conditions within the WIM appear to differ significantly from conditions within the classical H ii regions immediately surrounding O stars. The evidence is provided by observed spatial variations in the intensity ratios of various nebular forbidden lines. For example, the anomalously strong [N ii] l6584/Ha and [S ii] l6716/Ha, and weak [O iii] l5007/Ha emission-line ratios (compared to classical H ii regions) indicate a low state of ionization with few ions present that require ionization energies greater than 23 eV (Madsen et al. 2006; Haffner et al. 1999; Rand 1997) . While photoionization models incorporating a low-ionization parameter U (the ratio of photon density to gas density) are generally successful in accounting for the low-ionization state of the ions (see, e.g., Domgörgen & Mathis 1994) , they fail to explain the observations in detail, in particular the large variations in some of the line ratios. Haffner et al. (1999) have shown that these emission-line observations can be readily explained if the large variations in [N ii]/Ha and [S ii]/Ha are due primarily to variations in the electron temperature rather than due to vari-T e ations in the ionization parameter. For the Milky Way, they found that variations in between 7000 and 10,000 K would T e produce the observed variations in the line ratios.
Therefore, an important question is whether the line ratio variations are indeed due primarily to variations in temperature, and if so, what is the source of this extra heat. Possible radiation transfer effects (Wood & Mathis 2004) and the addition of another ionizing source, such as shocks, turbulent mixing between the hot and warm phases (see, e.g., Slavin et al. 1993) , or perhaps X-rays from supernovae (Slavin et al. 2000) can improve the fit to observations (Rand 1997 (Rand , 1998 . However, the behavior of some of the line ratios, particularly the highest observed values of [N ii]/Ha and [S ii]/Ha, are still not explained by these models. An additional, non-ionizing source of heat such as the dissipation of interstellar turbulence, photoelectric heating by grains, or magnetic reconnection, which will overwhelm the photoionization heating of the gas at the low densities present in the WIM, seems to be required (see, e.g., Reynolds et al. 1999; Wood & Mathis 2004; Elwert & Dettmar 2005 (Sembach et al. 2000) . This means that [O ii] will be relatively bright, comparable to Ha, and that any variations in the intensity ratio [O ii]/Ha are the result of variations in the temperature, not the ionization state of oxygen; the hydrogen is nearly fully ionized within this medium (Reynolds et al. 1998 ). While such analyses have been carried out along lines of sight through the halos of edge-on galaxies (Otte et al. 2001 (Otte et al. , 2002 , the detection of [O ii] emission from the Milky Way's WIM was beyond the capability of existing spectrographs.
THE [O ii] SHS FACILITY
We have designed and built a SHS with the sensitivity and resolving power required to study diffuse [O ii] emission from the WIM. In the basic SHS, Fizeau fringes of wavenumberdependent spatial frequency are produced by a Michelson interferometer modified by replacing the return mirrors with diffraction gratings (Harlander & Roesler 1990; Harlander et al. 1992) . These fringes are recorded on a position-sensitive detector and Fourier-transformed to recover a spectrum over a limited spectral range centered at the grating Littrow wavelength. The [O ii] SHS combines interferometric and fieldwidening gains to achieve sensitivities much larger than those of conventional grating instruments of similar size and resolving power, and comparable to the Fabry-Pérot interferometer, but in the near-UV, where WHAM cannot observe.
The [O ii] SHS is currently operated at the University of Wisconsin Pine Bluff Observatory, 15 miles west of Madison, Wisconsin. The spectrometer has a resolving power of about 30,000 (10 km s Ϫ1 ) and is coupled to a 24 cm aperture all sky siderostat with a circular field of view on the sky 2Њ in diameter (Mierkiewicz et al. 2004 . A series of 10 minute exposures A toward target science directions (Table 1) were interspersed with exposures toward calibration regions (e.g., NGC 7000) and toward high Galactic latitude "off" directions of low interstellar [O ii] emission. The off directions were used to identify terrestrial emission, which includes [O ii] in addition to other airglow lines. The terrestrial l3729/l3726 line intensity ratio was measured to be : 1, compared to an emis-0.48 ‫ע‬ 0.05 sion ratio of 1.5 : 1 predicted (and observed) for the interstellar [O ii] lines in the low-density limit (Osterbrock 1989 ) and the SHS ( ); be-R ∼ 25,000 R ∼ 30,000 cause of the similar masses of the ions, no correction was needed for the temperature of the gas. The interstellar [O ii] l3729/l3726 line intensity ratio was set to for each 1.5 : 1 Gaussian velocity component pair. An additional velocity component at rest with respect to the Earth with a corresponding doublet intensity ratio of was included to fit the ter-0.48 : 1 restrial [O ii] emission. The paired component areas were varied to obtain a best-fit intensity for each velocity component. Figure 1a is an average of six 10 minute observations from science direction , after the atmospheric l p 135Њ .1 b p Ϫ12Њ .7 foreground template, which does not include terrestrial [O ii] emission, has been subtracted from the spectrum. The solid line in Figure 1a is the least-squares Gaussian fit to the resulting [O ii] spectrum. In this example, five pairs of velocity components were used in the fit to the doublet: four pairs for the Galactic emission based on the corresponding four-component fit to the WHAM [N ii] profile (Fig. 1c) , and one pair for the terrestrial [O ii] emission, indicated in Figure 1a line overplot. The residuals to the fit (offset from zero for clarity) are also included in Figure 1a . Although the terrestrial [O ii] emission is unwanted signal, it provides the geocentric rest frame for the spectra. In Figure 1b , the terrestrial [O ii] emission has been removed, and the coordinate system is transformed to LSR for the 3729 line of the doublet. The inter-A stellar [O ii] line profiles in Figure 1b show structure indicating emission along the line of sight from both the local interstellar gas near the LSR and more distant gas in the Perseus spiral arm and beyond. The total interstellar [O ii] doublet emission in Figure 1b is ∼ . 5R
LINE RATIOS
At moderate Galactic latitudes and within the longitude range of our observations ( ), the high spectral reso-110Њ ! l ! 150Њ lution and sensitivity of the SHS allowed us to resolve kinematically relatively small portions of the Galaxy, without ambiguities associated with the superposition of different areas of the Galaxy along the line of sight. Our observations independently sampled the local diffuse WIM as well as the more distant WIM in the kinematically distinct Perseus spiral arm as a function of distance from the Galactic plane. Only the results for the local emission are discussed below, because the local emission is generally brighter and can be characterized by a single Gaussian component. Also, because path lengths are relatively short and observations are made away from the Galactic plane, extinction is minimal.
The This conclusion is borne out quantitatively. In Figure 3, The excellent correspondence between the variations in the observed line ratios and the relationship predicted by changes in temperature indicates that for these data the variations in line ratios are consistent with variations in temperature within the ionized gas. Also, the size of these ratio variations is much larger than what could be accounted for by a varying ionization parameter in photoionization models (see, e.g., Hoopes & Walterbos 2003) . Note that because the ionization potential of N (29 eV) is significantly less than that of O (35 eV), the Fig. 3 ) could be an indication of ionization effects in which a significant fraction of N is N . In fact, directions 6 ϩϩ and 7 sample diffuse ionized gas and from the high 10Њ .4 10Њ .2 Galactic latitude O7 star y Per, whose hard spectrum could be responsible for a reduction in N /N in the nearby gas. ϩ These results confirm the value of [O ii] observations as a temperature diagnostic for diffuse ionized gas in the Milky Way. Observations of [N ii]/Ha and [S ii]/Ha show significant variations in the ratios over large regions of the sky, between ionized super bubbles and the WIM, between the WIM and classical H ii regions, and even within the WIM itself (Madsen et al. 2006) . Additional [O ii] observations will make it possible to explore the extent to which variations in temperature account for these observed spectral differences between different ionized regions.
